Purification of glutamyl-tRNA reductase from Synechocystis sp. PCC 6803.
delta-Aminolevulinic acid is the universal precursor for all tetrapyrroles including hemes, chlorophylls, and bilins. In plants, algae, cyanobacteria, and many other bacteria, delta-aminolevulinic acid is synthesized from glutamate in a reaction sequence that requires three enzymes, ATP, NADPH, and tRNA(Glu). The three enzymes have been characterized as glutamyl-tRNA synthetase, glutamyl-tRNA reductase, and glutamate-1-semialdehyde aminotransferase. All three enzymes have been separated and partially characterized from plants and algae. In prokaryotic phototrophs, only the glutamyl-tRNA synthetase and glutamate-1-semialdehyde aminotransferase have been decribed. We report here the purification and some properties of the glutamyl-tRNA reductase from extracts of the unicellular cyanobacterium, Synechocystis sp. PCC 6803. The glutamyl-tRNA reductase has been purified over 370-fold to apparent homogeneity. Its native molecular mass was determined to be 350 kDa by glycerol density gradient centrifugation, and its subunit size was estimated to be 39 kDa by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The N-terminal amino acid sequence was determined for 42 residues. Much higher activity occurred with NADPH than with NADH as the reduced pyridine nucleotide substrate. Half-maximal rates occurred at 5 microM NADPH, whereas saturation was not reached even at 10 mM NADH. Purified Synechocystis glutamyl-tRNA reductase was inhibited 50% by 5 microM heme. Activity was unaffected by 10 microM 3-amino-2,3-dihydrobenzoic acid. No flavin, pyridine nucleotide, or other light-absorbing prosthetic group was detected on the purified enzyme. The catalytic turnover number of purified Synechocystis glutamyl-tRNA reductase is comparable to those of prokaryotic and plastidic glutamyl-tRNA synthetases.